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The universal RF matching network described in this article is particularly 
easy to use, adapt using (free) software and last but not least, easily con- 
structed from readily-available components. We give example compo- 
nent values suitable for use in the 70 cm (440 MHz) band. 


Matching networks are used in RF design to ues is in practice left to a dedicated age was developed by the author 
avoid mismatch where different impedances program such as the ADLAB share- and is available for download from 
are involved. Calculation of component val- ware package used here. This pack- his website. 
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Figure 2 : Equivalent circuit of a 50Q 4/4 transmission line at 440MHz (calculation 
Figure |. Complete circuit (C4 optional). with LTRANS : L; =18,08nH, Ci =Cy)=7,235pF) 
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Element values 


Help 


Inductance L Aiii g 8.2 00n H 


Capacitance C -|H 3.000p 


Parallel resistance 5 oO 


Series resistance 100.000m | Q 


18.81n H 
20.64p F 


Inductance Leff{f] pig 
Capacitance Ceff(f] 4piii- 


Standard values 


ee cx 


6.20n 


8.20p 
10.00p 


Standard series C 


C EG -H 


@ El2 C E46 
© E24 C E96 


standard series L 
C E6 

@ El2 
C E24 


RB 
© E46 
C E96 


Input 


Frequency f 


aun g 440.000M | Hz 


Frequency domain 


Resonance tegar g 565.857M | Hz 
Characteristic resistance 7k k] 30.1850 |Q 
Quality factor @=fojB L^, [e] [300.4770 | (300.4770 _| 


Bandwidth B 


Relative bandwidth 


fe] | 1.950M_| Hz 
fel | 3328m | | 3.328m | 


Circuit 


'-580.458m 
Resonance at o,= | 3.681G g! 


Noise bandwidth Bn = 3.063M Hz 


| 52.00 A) 89. i 


Mistuning v= 


Impedance /[f] = 





Figure 3 : Calculation of the effective inductance of a parallel LC circuit (LCFILT 
from Elekta Professional : 8,2nH | |9pF results in 18,8nH at 440MHz). 


Low-Pass Structure 


A low-pass structure was chosen for 
the example matching network 
described in this article. This has the 
normally desirable side-effect that 
harmonics are attenuated. DC is 
passed with unity gain; if this is not 
desired, a suitably large series 
capacitor can be added to the circuit. 
In order to accommodate virtually 
any impedance combination, three 
alignment points are provided in the 
form of standard trimmer capacitors. 
Figure 1 shows the complete circuit, 
which comprises a third-order ellip- 
tic low-pass filter. Construction of 
the circuit depends on the frequency 
band it is intended for. It is advisable 
to build the circuit as small as possi- 
ble in a metal enclosure using SMA 
connectors, attaching the compo- 
nents to one another directly by their 
leads. For higher power applications, 
N-type connectors are recom- 
mended, along with air-dielectric 
trimmers with an adequate plate 


gap. 
Component Values 
The circuit is similar to the equiva- 


lent circuit of a transmission line, 
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and indeed it is well known that a 
\/4 line can be used to make a good 
matching circuit. The equivalent cir- 
cuit of the A/4 transmission line for 
the frequency band of interest gives 
us a good starting point for calculat- 
ing the component values for our cir- 
cuit. For the 70 cm band the relevant 
values are shown in Figure 2. 

Trimmers C1 and C2 should be cho- 
sen to have a maximum capacitance 
of about three times the calculated 
value of 7.2 pF. L1 should be about 
half the calculated value (here 8.2 nH 
instead of 18 nH) since the effective 
inductance is increased by the paral- 
lel capacitance C3. C3 should be the 
same value as C1 and C2. 

The value of C4 should be at least 
five times the value of C1. If a very 
large value, say 470 nF, is chosen (to 
extend the lower limit of the pass- 
band), a ceramic capacitor of around 
470 pF should be added in parallel. 
If the circuit is to be modified for the 
2m or FM bands, the calculations 
can be carried out from scratch or 
the component values can simply be 
scaled. For example, for the FM 
band, all the capacitance and induc- 
tance values should simply be multi- 
plied by 440 MHz / 100 MHz = 4.4. 


Alignment 


It might be thought that with three trimmers 
alignment of the circuit will be complicated. 
However, the situation can be simply illus- 
trated in the Smith chart of Figure 4. If all 
three trimmers are set to their mid-positions, 
we know that the circuit will behave approx- 
imately like a A/4 transmission line, with both 
an input impedance and an output imped- 
ance of 50 Q. Thus these settings make a 
good starting point. 

However, in contrast to a transmission 
line, the frequency response of the circuit is 
not periodic: instead it exhibits a low-pass 
characteristic (Figure 5). Here the second 
harmonic is attenuated by 14 dB. 

With the aid of the Smith chart we can see 
the effect of adjusting the values. We discover 
that C3 chiefly affects the real part of the 
impedance, while C1 and C2 affect the imag- 
inary part. In practice we start from the basic 
settings above and adjust the trimmers in 
turn, beginning with the one that has the 
greatest effect. If the required impedance is 
already known (for example if it has been 
measured using a network analyser), the 
component values can be got directly from 
the Smith chart and the trimmers set appro- 
priately. Final adjustments can then be made 
on the actual circuit. 

Although the bandwidth shown in Fig- 
ure 5 is rather wide, it narrows considerably 
when a large shift in impedance is required. 
Figure 6 shows an example where an 8 Q 
signal generator is to be matched to a 50 Q 
impedance (VSWR 6.25:1). A small mismatch 
of 1.45:1 remains, since in practice the trim- 
mers cannot be adjusted down to zero. Nev- 
ertheless, the resulting attenuation is only 
0.3 dB (compared to 3.3 dB without a match- 
ing network). The -1 dB bandwidth is 
reduced to around 200 MHz and attenuation 
of harmonics is improved, especially above 
1.5 GHz. 

For many required impedances there are 
various combinations of trimmer settings 
with the same matching effect at the design 
frequency. These settings will, however, pro- 
duce different characteristics in terms of 
bandwidth and harmonic attenuation. When 
used in conjunction with a power amplifier, 
one setting may be as good as another, 
although the resulting efficiency can vary. If 
C3 is given a high value, the frequency 
response falls off more steeply, because of the 
zero introduced into the response by the par- 
allel resonant circuit. Smaller capacitors result 
in a flatter response and a wider bandwidth, 
and make the circuit less sensitive to compo- 
nent tolerances. 

The component values used were: 
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Figure 4 : Circuit with its default values in 
the Smith diagram (calculation with CSER- p 
PAR). 


L1 = 8.2 nH (air core; approximately 3 turns 
0.5 mm enamelled copper wire; internal 
diameter 2.5 mm) 


C1 = C2 = C3 = 1-22 pF 
C4 = 470 pF 


Application Example 


Matching networks are frequently used with 
RF amplifiers or antennas. One application 
might be to match a small 70 cm handheld 
transceiver to an RF transmit amplifier. With- 
out matching, the transceiver will not be able 
to drive the amplifier adequately: with a 
direct 50 Q connection the output power will 
be unsatisfactorily low, and the automatic 
transmit/receive switch (VOX) may no longer 
work. The matching circuit can be fitted 
between the transceiver and the amplifier 
and the trimmers adjusted for maximum out- 
put power into the antenna. Adjust the trim- 
mers in small increments, because when the 
trimmers are at the end of their travel a small 
movement can easily make matching worse 
rather than better. Take particular care when 
working with RF power amplifiers, which can 
be destroyed in cases of extreme impedance 
mismatch. 

(0000180-1) 


Figure 5 : Frequency response with default 
values (calculation with CSERPAR). > 


The ADLAB software package, developed by 
the author, consists of eleven programs. It can 
be downloaded free of charge from 
http://home.t-online.de/home/ 
weberconnect/adlab2.htm 

This shareware version will run 100 times; the 
registration fee is US$ 35 for the unrestricted 
version. 


Figure 6. Circuit adjusted for matching 
between 8 Q and 50 Q (calculated using > 
CSERPAR). 


72 





Fj Gemischte Serien-/Parallelschaltungen & Transformationen © S. Weber 





TL EJF = 


af eo | 


2 [700-009 
aj [mooom 


Element bearbeiten | __ Synthese stanen _| 
F <clxlel i 


rane 
22.1 

-248 236 07 | 
0.490 0.475 10.031. 
14 lao [oo | 


Serien-/Parallelschaltungen j Transfomationsnet2e/ 





RJ Power (sain (3 1 ‘ 


J 
Š 
E 








Ejam feom 
Jom 
Jom 





FFI 


AGEnET oon GUS s taarameteErD EEMB EmMENTMEN 


CE E E E a e E 










p alceo] s all veno e era ag oaa E E) 


‘Power Gain GTM) 











Jem 
3a — 
EIE 


Mody Element | _Start Synthesis | 
elxfol | 


mm: 


14 234 l-4. 
0.732 0.771 0.201 
o2 29 0 


\Series/Parallel Connections ASimith 








F 

F 
 shoned line FI 
©) Open line 


ideal iansionner, B| ŝi 


Heal iransti p AN, PREA Q. vy eed 
B fea) Trusiunuer Generato tom e-etetneter tlle 
Se arametes, 
 iWwansistor 


e re 


Elektor Electronics 2/2001 


